Abstract
concentrations of PFBS and PFBA were reported in German environment i.e. the River Rhine 48
water (Möller et water treatment plants (WWTPs), local runoff, and dry and wet deposition, and PFAS 56 concentrations were found to vary with water flow. To our best knowledge, few studies were 57 related to the seasonal variations of PFASs in river water as well as its adjacent coastal water. 58
The River Elbe has a length of 1165 km with a drainage area of 144 000 km 2 . The Hamburg 59 in glass bottles and stored at 4 °C in PP bottles until filtration and extraction in a clean lab 96 (Class: 10 000). A total of 127 surface water samples were collected and analyzed in this 97 study. Sample preparation and extraction has been described in Zhao et al. (2012) . The 98 volume of the extract was reduced to 150 µL under a gentle stream of ultra-high purity 99 nitrogen (99.999%). Before HPLC analysis, the samples were spiked with 1 ng 8:2 FTUCA as 100 an injection standard. which were lower than those observed in the river samples. PFBA concentrations (<0.14 to 158 2.2 ng/L, mean 0.92 ng/L) were relatively similar to its concentrations in river samples (0.47 159 to 2.5 ng/L). 160
Seasonal variations and spatial distributions of PFASs 161
The seasonal variations and spatial distributions of PFASs were investigated in the River Elbe 162 (E619 to E724), the lower Weser (W1 to W3), and the nearshore area of the North Sea (N1 to 163 N6) ( effect of the coastal water, the concentrations of PFHxA and PFOA decreased from the 209 estuaries to offshore area, i.e., from E719 to N5, and from W3 to N6, where brackish water 210 intrudes ( Fig. 2) . In August, PFBA was frequently detected in river samples, and in February 211 and April, it was frequently detected in estuaries and coastal samples. Average concentrations 212 of PFBA throughout the year were greater at sites E619 to E669 (1.4 ng/L) than that at sites 213 E679 to E724 (0.8 ng/L) (Fig. S1) , and the discharge from Hamburg City might elevate the 214 concentrations in river water from sampling points E619 to E699. Different from other 215 The distributions of PFHxS, PFPeA, PFNA, and PFDA are presented in Fig. S1 . The 221 months (0.15 to 0.69 ng/L at N1 and N2, <0.07 to 0.55 ng/L at N6) (Fig. S2) . For other 234 substances, i.e., PFBS, PFHxS, PFBA, PFPeA, PFHxA, PFNA, PFDA, and FOSA, no 235 significant seasonal trends were found in the North Sea (Figs. 4 and S2) . 236
Identification of sources 237
Pearson rank correlations for concentrations of individual substances during different seasons 238 of the Prandtl campaigns are presented in Table S7a (the samples of E619, E624, and E629 in February were excluded). Relatively high ∑PFAS 296 fluxes were found at sites E639 and E724 in February, due to the large amounts of PFBS. In 297 April, maximum ∑PFASs flux occurred at E659, due to the contributions of PFBS and 298
The concentrations of PFBA in river and marine waters were comparable and Pearson 338 correlations suggest unique sources. Air deposition was suggested to be a source, and further 339 monitoring studies should be conducted in this field. The production and use of PFBS should 340 be monitored, since it was the predominant compound in the rivers Elbe and Weser and North 341
Sea. The fluxes from the River Elbe to the North Sea did not show clear seasonal variation in 342 this study. The annual discharge of PFASs from the River Elbe was estimated to be 335 ± 100 343 kg/year, which was comparable with previous studies, and further monitoring work in this 344 area is still needed to get better understanding about the contribution of the River Elbe. 345 
